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Effects of Metformin Therapy on
Coronary Endothelial Dysfunction
in Patients With Prediabetes With
Stable Angina and Nonobstructive
Coronary Artery Stenosis: The
CODYCE Multicenter Prospective
Study
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OBJECTIVE

To evaluate the effect of metformin therapy on coronary endothelial function and
major adverse cardiac events (MACE) in patients with prediabetes with stable
angina and nonobstructive coronary stenosis (NOCS).

RESEARCH DESIGN AND METHODS

Metformin therapy may be needed to reduce coronary heart disease risk in patients
with prediabetes. A total of 258 propensity score—-matched (PSM) patients with
stable angina undergoing coronary angiography were enrolled in the study. Data
from 86 PSM subjects with normoglycemia (NG), 86 PSM subjects with prediabetes
(pre-DM), and 86 PSM subjects with prediabetes treated with metformin (pre-DM
metformin) were analyzed. During coronary angiography, NOCS was categorized by
luminal stenosis <40% and fractional flow reserve >0.80. In addition, we assessed
the endothelial function, measuring coronary artery diameter of left anterior
descending coronary (LAD) at baseline and after the infusion of acetylcholine, by
means of an intracoronary Doppler guide wire. MACE, as cardiac death, myocardial
infarction, and heart failure, was evaluated at 24 months of follow-up.

RESULTS

At baseline, NG patients had a lower percentage of LAD endothelial dysfunction
compared with pre-DM patients (P < 0.05). The pre-DM patients had a higher
percentage of endothelial LAD dysfunction as compared with the pre-DM met-
formin patients (P < 0.05). At the 24th month of follow-up, MACE was higher in
pre-DM versus NG (P < 0.05). In pre-DM metformin patients, MACE was lower
compared with pre-DM patients (P < 0.05).

CONCLUSIONS

Metformin therapy may reduce the high risk of cardiovascular events in pre-DM
patients by reducing coronary endothelial dysfunction.
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Prediabetes is an intermediate meta-
bolic state between normoglycemia
and diabetes (1). Prediabetes includes
patients with impaired glucose toler-
ance and impaired fasting glucose and
hemoglobin A;. (HbA;.) values between
5.7% and 6.4% (39-46 mmol/mol) (1).
Worldwide, more than 400 million peo-
ple have prediabetes, and projections
indicate that by 2030 more than 470
million people will have prediabetes (2).
Moreover, in a recent survey based on
HbA results, 33.6% of outpatients (out
of 1.16 million outpatient visits analyzed)
had prediabetes (2). Intriguingly, <1%
of those patients whose HbA;. tests
showed prediabetes were recognized
and diagnosed as such by clinicians
(1,2). To date, with a growing trend,
prediabetes affects >38% of people in
the adult population, and it is associ-
ated with an increased risk of developing
diabetes (3). Although some prospective
studies have shown that prediabetes is
associated with an increased risk of car-
diovascular disease (4,5), other studies
have not found a similar association
(6-8). However, several previous meta-
analyses have led to conflicting conclu-
sions (3,9,10), due to differences in end
point assessments and study inclusion
criteria. In this context, a very recent
study showed that prediabetes was
not associated with an increased risk
of subclinical coronary atherosclerosis
(stenosis severity =50%) evaluated
transversally by coronary computed to-
mographic angiography (11). Moreover,
Liu et al. (12) showed that among pa-
tients with stable, new-onset coronary
heart disease (stenosis severity =50%),
the increased cardiovascular risk in pre-
diabetes is largely affected by the co-
existence of hypertension rather than
prediabetes per se. Therefore, these
studies did not provide any evidence
about the role of prediabetes on car-
diovascular outcomes in the early coro-
nary atherosclerotic disease progression,
such as those found in nonobstructive
coronary stenosis (NOCS) (stenosis se-
verity <50%), or assess the specific
mechanisms transducing prediabetes en-
vironmental stimuli in coronary athero-
sclerotic disease progression. In this
context, the common link between pre-
diabetes and coronary heart disease may
be represented by hyperglycemia and
insulin resistance, both leading to the
early insurgence of coronary artery

dysfunction (13,14). Therefore, these
pathological mechanisms may cause cor-
onary artery dysfunction also in the
absence of obstructive coronary steno-
sis. Recently, Sara et al. (15) showed that
patients with stable angina, stable cor-
onary artery disease (CAD), and NOCS
have endothelial dysfunction, which is
consequently linked to an increased rate
of worse prognosis and cardiac mortal-
ity. However, a great disagreement exists
in literature about the correlation be-
tween prediabetes, endothelial dysfunc-
tion, and clinical outcomes in stable
CAD-NOCS. Thus, this study was designed
to identify differences in endothelial
coronary function, as well as major ad-
verse cardiac events (MACE) at 24
months of follow-up, between patients
with prediabetes and normoglycemic
(NG) patients with stable angina and
NOCS. In addition, American Diabetes
Association (ADA) guidelines suggest
that prediabetes be treated with hypo-
glycemic drugs such as metformin to
control glucose homeostasis and to re-
duce the risk of diabetes development
and the linked worse prognosis (16).
Intriguingly, less is known about the
effect of metformin to reduce the cor-
onary endothelial dysfunction and the
consequent improved clinical prognosis
in patients with prediabetes with stable
CAD-NOCS. Moreover, here we evalu-
ated the effect of metformin therapy
on coronary endothelial function and
MACE in patients with prediabetes with
stable angina and NOCS.

RESEARCH DESIGN AND METHODS

This is a multicenter prospective study
conducted at the Department of Cardi-
ology, Antonio Cardarelli Hospital, at
the Department of Cardiovascular Dis-
eases, John Paul Il Research and Care
Foundation (Campobasso, Italy), and
at the Department of Internal Medicine
and Metabolic Diseases, University of
Campania “Luigi Vanvitelli.” From Janu-
ary 2009 to January 2016, we screened
patients having stable angina pectoris
and stable angina with a positive stress
test for myocardial ischemia; no change
in the frequency, duration, or intensity
of clinical symptoms within 4 weeks;
and referred for elective coronary
artery angiography. However, these
patients received a coronary angiogra-
phy, and 908 patients with evidence
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of coronary NOCS (<<40%) and no phys-
iologically significant fractional flow
reserve (>0.80) were prospectively in-
cluded in a database. Patients with
no coronary disease detected by coro-
nary angiography, presence of obstruc-
tive stenosis, left ventricular ejection
fraction <50%, previous myocardial
infarction, previous percutaneous cor-
onary intervention and/or coronary
bypass grafting, Takotsubo cardiomyop-
athy, myocarditis, impaired renal func-
tion, or stroke were instead excluded.
Prediabetes was categorized according
to the criteria of the ADA: fasting plasma
glucose of =5.6 mmol/L but <7.0 mmol/L
(100-125 mg/dL [impaired fasting glu-
cose]), a 2-h glucose of =7.8 mmol/L but
<11.1 mmol/L during a 75-g oral glu-
cose tolerance test (140-199 mg/dL [im-
paired glucose tolerance]), or a plasma
HbA,. of =5.7% but <6.5% (16). Further-
more, patients with prediabetes answered
a specific questionnaire about metformin
treatment before the beginning of the
study, the dates of beginning and end of
treatment, and the duration of use. In-
formation from the medicine inventory
during the study and this specific ques-
tionnaire were used to classify the sub-
jects. The patients with prediabetes who
never used metformin were classified as
“never metformin users.” The patients
with prediabetes who had already used
metformin were classified as “current
metformin users,” and they had been
treated with metformin for at least
6 months. Patients treated with metfor-
min for <6 months were instead ex-
cluded from the study. Information on
the duration of treatment was available
for all current users. In all patients, we
evaluated the endothelial coronary vas-
cular function at baseline and after in-
fusion of acetylcholine. The analyses of
all angiographic data were performed by
the interventional cardiologists (C.Sac.,
C.M., and F.M.), blinded to patient cat-
egorization, who reviewed selected
cases. At the Department of Medical,
Surgical, Neurological, Metabolic and
Aging Sciences (University of Campania
“Luigi Vanvitelli”), we performed for all
patients (as outpatients) a quarterly
clinical evaluation, routine analyses,
plasma glucose, and HbA;. level mea-
surements and cardiovascular evaluation
for 24 months after the coronarography.
The study end points were the assess-
ment of oxidative stress, inflammatory
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tone, and MACE at 24 months of follow-
up. The study was conducted in accor-
dance with the Declaration of Helsinki.
The ethics committees of all participat-
inginstitutions approved the protocol.
All patients were informed about the
study nature and gave their written in-
formed and signed consent to participate
in the study.

Coronary Angiography and
Endothelial Function Assessment
Experienced physicians (C.Sac., C.M.,
and F.M.) performed routine diagnostic
coronary angiography (Discovery IGS
740; General Electric) by using stan-
dard clinical protocols (15,17,18). Cor-
onary angiography was performed to
discriminate and select patients with
NOCS, as a stenosis <40% of vessel
lumen, and with a fractionated flow
reserve >0.80 (15,17,18). After NOCS
diagnosis, we evaluated the endothelial
coronary vascular function at baseline
and after each infusion of acetylcholine
(15). In brief, by using an intracoronary
Doppler guide wire advanced within
the coronary infusion catheter and po-
sitioned in the midleft anterior descending
coronary artery, we evaluated changes
in the coronary blood flow (CBF) through
the measurement of coronary artery
diameter at baseline and after the in-
fusion of acetylcholine (15). This protocol
was performed by an independent in-
vestigator blinded to Doppler velocity
data and using a previously described
computer-based image analysis system
(15). The infusion protocol of acetylcho-
line was terminated when the highest
molar concentration of acetylcholine
(1,024 mol/L) was reached (15). Endo-
thelial-dependent CBF was then calcu-
lated by the following formula: CBF =
0.25 X 7 X (average peak velocity) X
(coronary artery diameter)? X 0.5 (15).
The interobserver and intraobserver re-
producibility of the CBF calculation was
~5%. The maximal percent increase in
CBF in response to acetylcholine com-
pared with the CBF at baseline was then
calculated, and all measurements were
performed in the segment 5 mm distal to
the tip of the Doppler guidewire. More-
over, after each acetylcholine infusion,
the coronary artery diameter was mea-
sured in the same segment of the vessel.
The maximal effect of acetylcholine was
expressed as percent change in coro-
nary artery diameter using quantitative

coronary angiography (Medis Corpora-
tion, Leiden, the Netherlands) (represent-
ing epicardial endothelial function) and
percent change in the CBF (representing
microvascular endothelial function) rela-
tive to baseline (15).

Biochemical Analyses

Venous blood samples obtained from all
participants in the study at baseline and
during follow-up phases were centri-
fuged at 3,000 rotations/min, and se-
rum/plasma samples were collected and
stored at —80°C until assayed. Serum
levels of hs-CRP, interleukin 1 (IL1) and
6 (IL6), and tumor necrosis factor (TNF)a
were measured as inflammatory bio-
markers. In addition, we measured the
number of white blood cells (WBCs),
granulocytes, platelets, and blood values
of nitrotyrosine as markers of oxidative
stress on admission, before coronary
angiography, and at follow-up (17,18).
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Statistical Analysis

SPSS Statistics, version 23.0 (IBM), was
used for all statistical analyses. Cate-
gorical variables were presented as
number and percentage and continuous
variables as mean * SD. The study
sample size of NG subjects and subjects
with prediabetes was calculated using a
power of 80% and ClI of 95%. Propen-
sity score matching (PSM) was devel-
oped to compare NG subjects, subjects
with prediabetes (pre-DM), and sub-
jects with prediabetes treated with
metformin (pre-DM metformin) from
the predicted probabilities of MACE
by a multivariable logistic regression
model. NG subjects were matched to
pre-DM and to pre-DM metformin sub-
jects based on PSM. In all matched
patients, the balancing property was
satisfied, and PSM was developed
from the predicted probabilities of a
multivariable logistic regression model
predicting MACE according to age, sex,

Assessed for eligibility (n=
9569 with positivity to
tomoscintigraphy cardiac

exam)

Excluded (n=8482 patients with
obstructive coronary stenosis)

v

+ Declined to participate (n=12)
+ Other reasons (n= 3)

Screened (n=908
NOCS)

»  Not meeting inclusion

criteria (n=345)

Randomized (n= 563)

NOCS pre-DM (n=225)

AN

pre-DM in metformin
therapy (n=96)

pre-DM without metformin
therapy (n=129)

T\

NOCS normoglycemics (n=338)

PSM Analysis J

86 PSM in metformin therapy

therapy

86 PSM without metformin

86 normoglycemics

| Figure 1—Study diagram: phases of enrollment, allocation, follow-up, and analysis.
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hypertension, dyslipidemia, smoking his-
tory, family history, baseline therapies,
metabolic characteristics, and coronary
lesions. Overall survival and event-free
survival were assessed by Kaplan-Meier
survival curves and compared by the

log-rank test. Univariable Cox models
were then used to compare event risks.
The resulting hazard ratios (HRs) and
95% Cls were reported. Two-tailed P
values <0.05 were considered statis-
tically significant.

Table 1—Clinical characteristics of study population at baseline

Sardu and Associates

RESULTS

A total of 9,569 patients were submitted
to elective coronary angiographic study
for stable angina and positive stress test
for myocardial ischemia between Janu-
ary 2009 and June 2016. Of these, 1,087

Clinical variables 86 PSM NG patients 86 PSM pre-DM patients 86 PSM pre-DM metformin patients P
General characteristics
Age (years) 65.4 = 5.5 65.5 = 5.9 649 = 6.1 n.s.
BMI (kg/m?) 29.5 *+ 1.85 29.7 + 1.9 29.5 + 1.88 n.s.
Systolic blood pressure (mmHg) 127.5 = 84 126.2 = 10.7 125.2 = 10.3 n.s.
Diastolic blood pressure (mmHg) 79.5 = 8.8 79.1 = 6.5 783 = 5.9 n.s.
Heart rate 85.1*74 85.5 = 8.8 86.1 * 8.1 n.s.
Biochemical measurements
Glucose (mmol/L) 498 £ 0.47 6.32 = 0.36 5.57 = 0.41 <0.05*t#
HbA,. (%) 5.1 + 0.82 6.1 + 0.54 5.41 * 0.66 <0.05*t#
HbA;. (mmol/mol) 32.2 + 5.01 43.3 * 3.79 35.4 + 4.82 <0.05*t%
Cholesterol (mmol/L) 5.32 = 0.5 5.31 = 0.5 5.30 = 0.6 n.s.
HDL (mmol/L) 0.99 = 0.08 0.96 = 0.09 0.95 = 0.07 n.s.
LDL (mmol/L) 3.38 = 0.51 3.42 = 0.50 3.39 = 0.48 n.s.
Triglycerides (mmol/L) 2.06 = 0.22 2.05 £ 0.25 2.05 £ 0.21 n.s.
Creatinine (pwmol/L) 87.1 = 13.2 87.1 = 141 88.2 = 14.3 n.s.
Cardiovascular risk factors, n (%)
Hypertension 59 (68.6) 59 (68.6) 59 (68.6) n.s.
Dyslipidemia 39 (45.3) 39 (45.3) 39 (45.3) n.s.
Smokers 62 (72) 62 (72) 62 (72) n.s.
Medication, n (%)
B-Blockers 32 (37.8) 32 (37.2) 32 (37.2) n.s.
ACE inhibitors 24 (27.9) 24 (27.9) 24 (27.9) n.s.
Angiotensin receptor blockers 22 (25.6) 22 (25.6) 22 (25.6) n.s.
Calcium blockers 19 (22.1) 19 (22.1) 19 (22.1) n.s.
Statins 35 (40.7) 35 (40.7) 35 (40.7) n.s.
Diuretics 9 (10.5) 9 (10.5) 9 (10.5) n.s.
Aspirin 47 (54.6) 47 (54.6) 47 (54.6) n.s.
Metformin 86 (100)
Inflammatory markers
WBCs (109/L) 6.65 * 0.71 7.72 = 0.77 7.12 = 0.68 <0.05*t#
Granulocytes (109/L) 4.11 = 0.66 4.74 * 0.62 4.59 * 0.69 <0.05*t#
Monocytes (10%/L) 0.39 * 0.04 0.43 = 0.06 0.42 = 0.07 <0.05*t%
Platelets (109/L) 272 * 25 277 £ 25 279 £ 25 n.s.
Fibrinogen (mg/dL) 331 = 27 354 *+ 42 345 *+ 30 n.s.
CRP (mg/L) 2.13 * 0.52 3.69 = 0.72 3.21 = 0.63 <0.05*t#
IL1 (pg/dL) 2959 *+ 52.1 365.8 = 87.8 328.5 * 67.3 <0.05*t%
IL6 (pg/dL) 188.4 £ 19.7 2343 = 44.2 2235 = 24.1 <0.05*t%
TNFa (mg/dL) 3.56 = 1.12 5.55 = 0.78 4.76 = 0.93 <0.05*t%
Nitrotyrosine (mg/dL) 0.41 = 0.1 0.53 = 0.1 0.49 = 0.2 <0.05*t#
Epicardial endothelial vessel characteristics
Lumen area, mm? 15.92 = 3.09 11.16 = 2.07 11.76 = 3.07 <0.05*%
Reference diameter 2.81 = 0.48 2.58 = 0.47 2.61 = 0.47 <0.05*%
Flow (estimated in mL/s) 1.24 = 0.59 1.03 = 0.41 1.18 = 0.47 <0.05*t#
Epicardial endothelial dysfunction, n (%) 25 (29.1) 63 (73.2) 41 (47.7) <0.05*t%
Plaque characteristics
Plaque area, mm? 3.31 * 2.12 3.48 = 2.51 3.38 * 2.31 n.s.
Plaque burden, % 24.42 + 12.03 24.22 *+ 10.86 24.29 + 11.15 n.s.
Minimum lumen area, mm? 9.49 * 3.61 9.52 £ 3.87 9.50 £ 3.67 n.s.
Plaque thickness, mm 0.34 = 0.21 0.35 = 0.22 0.34 = 0.63 n.s.
Maximum plaque burden per artery, % 34.52 + 13.87 35.31 = 14.93 35.11 + 14.25 n.s.
Minimum lumen area per artery, mm? 6.94 * 3.27 7.12 £ 415 7.07 £ 3.86 n.s.
Maximum plaque thickness per artery, mm 0.57 = 0.32 0.59 = 0.36 0.58 = 0.63 n.s.

Data are means = SD unless otherwise indicated. *Pvalue <0.05, NG vs. pre-DM patients; TP value <0.05, pre-DM vs. pre-DM metformin patients; P
value <0.05, NG vs. pre-DM metformin patients.
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presented NOCS (699 without diabetes
and 388 with diabetes). Among these
patients, 345 did not meet inclusion
criteria. Therefore, the final study pop-
ulation comprised 563 patients (225 with
prediabetes and 338 NG). Among pa-
tients with prediabetes, 96 were current
metformin users and 129 were never
metformin users. After PSM for meta-
bolic and cardiovascular risk factors,
86 current metformin users were matched
to 86 never metformin users and 86 NG
patients (Fig. 1). Among the current
metformin users, the mean = SD dura-
tion of incretin treatment was 37 =
6 months. Study population character-
istics are reported in Table 1.

At baseline, prediabetes versus NG
patients had higher values of glucose
and HbA;. (P <<0.05) (Table 1). NG versus
pre-DM and NG versus pre-DM metfor-
min had lower values of WBCs (P < 0.05),
granulocytes (P < 0.05), monocytes (P <
0.05), C-reactive protein (CRP) (P << 0.05),
IL1 (P < 0.05), IL6 (P < 0.05), TNFa
(P < 0.05), and nitrotyrosine (P < 0.05)
(Table 1).

With regard to the epicardial endo-
thelial vessel characteristics, pre-DM and
pre-DM metformin versus NG patients
had smaller lumen area (P < 0.05) and
reference diameter (P < 0.05), lower
flow (P < 0.05), and a higher percentage
of epicardial endothelial dysfunction
(P < 0.05) (Table 1). In addition, pre-DM
versus pre-DM metformin showed a lower
epicardial coronary flow (P < 0.05) and a

250

200 +
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50

% change CBF (Ach)

higher percentage of epicardial endo-
thelial dysfunction (P < 0.05) (Table 1).

Changes in CBF
The acetylcholine-induced percentage
changes in CBF in the three groups
are reported in Fig. 2. There were sig-
nificant differences between pre-DM
patients (—56.4 = 6.1%) compared
with NG and pre-DM metformin (172.4 =
18.3% and 19.2 + 2.5%, respectively,
P < 0.05) (Fig. 2). There were also
significant differences between NG and
pre-DM metformin. The acetylcholine-
induced percent changes in coronary
artery diameter also revealed signifi-
cant differences between the three
groups (5.5 = 2.6%, —21.5 = 2.9%,
and —49.4 + 3.4% in NG, pre-DM met-
formin, and pre-DM, respectively, P <
0.05) (Fig. 2). As reported in the text, we
performed noninvasive functional stud-
ies in all the patients studied before
performing the coronary angiography.
However, we did not find significant
differences in the prevalence of positive
noninvasive functional studies between
the study groups. The coronary flow
reserve to adenosine was significantly
lower in pre-DM (2.1 £ 0.1) compared
with NG and pre-DM metformin. To date,
the three study groups presented no
significant differences in systemic hemo-
dynamic parameters (mean arterial pres-
sure and heart rate).

At the sixth month of follow-up, we
reported a statistically significant reduc-
tion of glucose blood levels (P < 0.05)
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and of HbA;. (P < 0.05) in pre-DM
metformin versus pre-DM (Table 2). Con-
sequently, there was an overexpression
of inflammatory markers and MACE in
pre-DM versus pre-DM metformin, as
well as in comparison of pre-DM with
NG patients. However, pre-DM versus
pre-DM metformin, and pre-DM versus
NG, patients had higher values of WBCs
(P < 0.05), granulocytes (P < 0.05),
monocytes (P < 0.05), CRP (P <
0.05), IL1 (P < 0.05), IL6 (P < 0.05),
and TNFa (P < 0.05) (Table 2). Moreover,
nitrotyrosine values were also higher in
pre-DM versus pre-DM metformin (P <
0.05), in pre-DM versus NG (P < 0.05),
and in pre-DM metformin versus NG (P <
0.05) patients. Also, the number and
percentage of MACE were higher in
pre-DM versus pre-DM metformin
(P < 0.05), in pre-DM versus NG (P <
0.05), and in pre-DM metformin versus
NG (P < 0.05) patients (Tables 2 and 4).
Two pre-DM metformin patients (2.3%)
vs. 4 pre-DM patients (4.6%) without
hypoglycemic drug therapy became di-
abetic (P < 0.05) (Table 2).

At the 12th month of follow up, we
reported a statistical significant reduc-
tion of glucose blood levels (P value
<0.05) and of HbA,. (P value <0.05)
in pre-DM metformin versus pre-DM
(Table 2). To date, we reported a sta-
tistically significant overexpression
of inflammatory markers and MACE
in pre-DM versus pre-DM metformin
(P < 0.05) and pre-DM versus NG
(P < 0.05) patients. However, pre-DM

ok Rk
']

kR AR
’

12th month 24th month

Figure 2—A: Mean percent change in CBF in response to acetylcholine (Ach) among three groups. B: MACE at 6th, 12th, and 24th months of follow-up.
*P < 0.05, NG vs. pre-DM patients; **P < 0.05, pre-DM vs. pre-DM metformin patients; ***P < 0.05 NG vs. pre-DM metformin patients. Green, NG;

yellow, pre-DM metformin; red, pre-DM.
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Table 2—Inflammatory markers and MACE of study population at follow-up (6th, 12th, and 24th month)

86 PSM NG patients 86 PSM pre-DM patients 86 PSM pre-DM metformin patients P
6th month
Biochemical measurements
Glucose (mmol/L) 494 * 0.41 6.31 = 0.32 5.11 = 0.46 <0.05*t
HbA . (%) 5.1 * 0.68 6.1 = 0.54 5.3 * 0.51 <0.05*t
HbA;. (mmol/mol) 32.4 = 491 43.2 £ 3.63 34.5 = 4.25 <0.05**t
Cholesterol (mmol/L) 5.12 = 0.5 5.11 = 0.5 5.10 = 0.6 n.s.
HDL (mmol/L) 0.89 = 0.07 0.86 = 0.09 0.85 = 0.07 n.s.
LDL (mmol/L) 3.23 £ 0.47 3.21 £ 0.48 3.22 £ 043 n.s.
Triglycerides (mmol/L) 1.96 + 0.22 1.98 + 0.21 1.99 + 0.23 n.s.
Creatinine (pwmol/L) 88.2 = 13.3 88.3 = 15.3 93.2 = 14.3 n.s.
Diabetes 2 (2.3) 4 (4.6) <0.05*t#
Inflammatory markers
WBCs (10%/L) 6.41 * 0.58 7.35 = 0.66 6.49 = 0.63 <0.05*t
Granulocytes (10%/L) 3.89 * 0.36 4.19 *+ 0.51 3.92 + 0.61 <0.05*t
Monocytes (10°/L) 0.33 = 0.09 0.38 = 0.03 0.34 = 0.07 <0.05*t
Platelets (109/L) 232 £ 22 223 £ 19 229 * 26 n.s.
Fibrinogen (mg/dL) 321 + 27 334 *+ 42 322 = 31 <0.05*t
CRP (mg/L) 1.92 + 0.73 2.36 + 0.77 2.05 + 0.63 <0.05*t
IL1 (pg/dL) 212.9 * 41.3 278.8 * 69.6 218.5 * 63.6 <0.05*t
IL6 (pg/dL) 138.4 =+ 17.2 194.3 + 41.7 149.5 + 19.3 <0.05*t
TNFa (mg/dL) 2.25 = 0.92 4.32 * 0.62 2.76 = 0.93 <0.05*t
Nitrotyrosine (mg/dL) 0.26 = 0.08 0.38 = 0.05 0.34 = 0.11 <0.05*t#
MACE 2 (2.3) 10 (11.6) 4 (4.6) <0.05*t#
12th month
Biochemical measurements
Glucose (mmol/L) 492 + 0.37 6.26 = 0.35 5.10 = 0.37 <0.05*t
HbA . (%) 5.1 + 0.58 6.1 + 0.46 5.2 + 0.89 <0.05*t
HbA;. (mmol/mol) 32.4 * 4.85 43.2 £ 3.58 33.8 = 491 <0.05*F
Cholesterol (mmol/L) 5.12 = 0.5 5.11 = 0.5 5.10 = 0.6 n.s.
HDL (mmol/L) 0.89 = 0.07 0.86 = 0.09 0.85 = 0.07 n.s.
LDL (mmol/L) 3.23 £ 0.47 3.21 £ 0.48 3.22 £ 043 n.s.
Triglycerides (mmol/L) 1.96 = 0.22 1.98 + 0.21 1.99 + 0.23 n.s.
Creatinine (pwmol/L) 88.7 = 13.5 88.6 = 15.5 96.2 = 13.8 n.s.
Diabetes 1(1.1) 3 (3.5) 8 (9.3) <0.05*t%
Inflammatory markers
WBCs (10%/L) 6.22 * 0.52 7.27 = 0.61 6.29 = 0.63 <0.05*F
Granulocytes (10%/L) 3.72 = 0.31 4.08 £ 0.47 3.88 = 0.49 <0.05*t
Monocytes (10°/L) 0.31 = 0.05 0.33 = 0.02 0.32 * 0.05 n.s.
Platelets (109/L) 225 £ 24 221 £ 22 229 * 26 n.s.
Fibrinogen (mg/dL) 318 = 25 323 *+ 39 321 = 28 n.s.
CRP (mg/L) 1.89 * 0.71 232 *+ 071 1.93 + 0.59 <0.05*t
IL1 (pg/dL) 208.7 = 39.5 271.5 * 66.5 227.6 = 43.8 <0.05*t
IL6 (pg/dL) 135.6 + 16.8 189.1 + 39.5 144.4 + 17.6 <0.05*t
TNFa (mg/dL) 2.19 = 0.88 4.21 * 0.58 2.36 = 0.74 <0.05*t
Nitrotyrosine (mg/dL) 0.23 = 0.07 0.32 = 0.04 0.26 = 0.11 <0.05*%
MACE 3 (3.5) 14 (16.3) 8 (9.3) <0.05*t#
24th month
Biochemical measurements
Glucose (mmol/L) 491 = 0.35 6.22 = 0.38 5.09 * 0.39 <0.05*t
HbA;. (%) 5.1 = 0.46 6.1 = 0.42 5.2 = 0.59 <0.05**
HbA;. (mmol/mol) 32.4 = 4.79 43.2 * 3.56 33.8 = 4.73 <0.05*t
Cholesterol (mmol/L) 5.10 = 0.4 5.10 = 0.5 5.09 = 0.6 n.s.
HDL (mmol/L) 0.87 = 0.06 0.81 = 0.06 0.81 = 0.09 n.s.
LDL (mmol/L) 3.18 £ 0.46 3.17 £ 041 3.18 = 0.39 n.s.
Triglycerides (mmol/L) 1.93 = 0.27 197 £ 0.19 1.97 £ 0.25 n.s.
Creatinine (pwmol/L) 88.7 = 135 88.6 = 15.5 96.2 = 13.8 n.s.
Diabetes 2 (2.3) 5 (5.8) 15 (17.4) <0.05*t#
Inflammatory markers
WBCs (10%/L) 6.18 * 0.48 7.24 = 0.59 6.22 = 0.55 <0.05*t
Granulocytes (10%/L) 3.26 = 0.26 3.97 + 0.42 3.46 + 0.43 <0.05**
Monocytes (109/L) 0.24 = 0.03 0.31 £ 0.18 0.29 = 0.09 n.s.
Platelets (109/L) 222 £ 26 225 £ 27 221 £ 24 n.s.
Fibrinogen (mg/dL) 309 *+ 22 318 = 37 316 = 21 n.s.

Continued on p. 1952
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Table 2—Continued

86 PSM NG patients 86 PSM pre-DM patients 86 PSM pre-DM metformin patients P
CRP (mg/L) 1.76 = 0.56 2.27 £ 0.58 1.81 = 0.55 <0.05*t
IL1 (pg/dL) 202.4 + 33.9 268.3 * 61.6 2113 * 40.6 <0.05*t
IL6 (pg/dL) 132.7 = 15.6 186.2 = 34.7 1344 *= 169 <0.05*t
TNFa (mg/dL) 2.11 * 0.63 4.12 = 0.63 2.16 = 0.67 <0.05*t
Nitrotyrosine (mg/dL) 0.21 *= 0.04 0.31 = 0.01 0.22 = 0.15 <0.05*t
MACE 7 (8.1) 21 (24.4) 15 (17.4) <0.05*t%

Dataare means * SD orn (%). *Pvalue <0.05, NG vs. pre-DM patients; tPvalue <0.05, pre-DM vs. pre-DM metformin patients; P value <0.05, NG vs.

pre-DM metformin patients.

versus pre-DM metformin and pre-DM
versus NG patients had higher values of
WBCs (P < 0.05), granulocytes (P <
0.05), CRP (P < 0.05), IL1 (P < 0.05),
IL6 (P < 0.05), TNFa (P < 0.05), and
nitrotyrosine (P < 0.05) (Table 2). Also,
the number and percentage of MACE
were higher in pre-DM versus pre-DM
metformin (P < 0.05), in pre-DM versus
NG (P < 0.05), and in pre-DM metformin
versus NG (P < 0.05) patients (Table 2
and Fig. 3). One (1.1%) NG versus three
(3.5%) pre-DM metformin versus eight
(9.3%) pre-DM patients without hypo-
glycemic drug therapy became diabetic
(<0.05) (Table 2).

At 24 months of follow-up, pre-DM
metformin versus pre-DM patients still

maintained a statistically significant re-
duction of glucose blood levels (P < 0.05)
and of HbA;. (P < 0.05) (Table 1). How-
ever, we reported a statistically significant
overexpression of inflammatory markers
and of MACE in pre-DM versus pre-DM
metformin and in pre-DM versus NG pa-
tients. However, pre-DM versus pre-DM
metformin, and pre-DM versus NG, pa-
tients had higher values of WBCs (P <
0.05), granulocytes (P < 0.05), CRP (P <
0.05), IL1 (P < 0.05), IL6 (P < 0.05), TNFa
(P < 0.05), and nitrotyrosine (P < 0.05)
(Table 2). Also, the number and percentage
of MACE were higher in pre-DM versus
pre-DM metformin (P < 0.05), in pre-DM
versus NG (P < 0.05), and in pre-DM
metformin versus NG (15 [17.4%)] vs.

NG
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Figure 3—Kaplan survival curve of cumulative freedom from comparison of pre-DM (red) with
pre-DM metformin (blue) patients and NG patients (green) at 24 months of follow-up. Asterisks
mark a statistically significant value. MACE percentage: *P value <0.05 NG vs. pre-DM pa-
tients; **P value <0.05, pre-DM vs. pre-DM metformin patients; ***P value <0.05, NG vs.

pre-DM metformin patients.

7 [8.1%], P < 0.05) patients (Table 2
and Fig. 2). Two (2.3%) NG vs. 5 (5.8%)
pre-DM metformin vs. 15 (17.4%)
pre-DM patients without hypoglycemic
drug therapy became diabetic (P < 0.05)
(Table 2).

At the multivariate Cox regression
analysis, MACE at 24 months of follow-up
were predicted by CRP values (HR
1.543 [Cl 95% 1.151-2.070], P < 0.05),
IL1 values (1.195 [1.086-1.999], P <
0.05), IL16 values (1.140 [1.007-
1.210], P < 0.05), WBCs (3.983 [2.322-
6.833], P < 0.05), pre-DM (3.517
[1.858-6.658], P < 0.05), metformin
therapy (0.619 [0.377-0.905], P < 0.05),
and nitrotyrosine values (3.380 [2.837-
4.761], P = 0.05) (Table 3 and Fig. 3).
Intriguingly, higher glucose blood lev-
els are associated with lower coronary
artery flow in comparison of pre-DM vs.
NG (P < 0.05) and pre-DM vs. pre-DM
metformin (P < 0.05) (Fig. 4).

CONCLUSIONS

The first relevant finding of this study was
that pre-DM patients have a higher rate
of coronary endothelial dysfunction
compared with NG patients in the context
of stable CAD-NOCS. Indeed, epicardial
endothelial-dependent vasodilatation, in-
duced by intracoronary infusion of acetyl-
choline, was significantly impaired in
pre-DM compared with NG patients.

As background for this association,
hyperglycemia and insulin resistance,
typical of prediabetes status, may
play a pivotal role in increasing both
oxidative stress and inflammation in
coronary milieu of patients with predi-
abetes. In this context, we observed that
nitrotyrosine, a marker of oxidative
stress, inflammatory cells, and cytokines
was higher in patients with prediabetes
compared with NG patients. Moreover,
nitrotyrosine was also associated with
higher coronary endothelial dysfunction.
A previous study (19) has reported that
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Table 3—Univariate Cox regression analysis for MACE at 24-month follow-up

Variables Multivariate analysis P Univariate analysis P

Age 0.989 (0.945-1.036) 0.650 1.016 (0.963-1.070) 0.565
BMI 1.179 (1.041-1.335) 0.009 0.980 (0.840-1.143) 0.795
CRP 2.225 (1.736-2.851) 0.001 1.543 (1.151-2.070) 0.004*
Glycemia 1.053 (1.030-1.075) 0.001 1.007 (0.973-1.041) 0.703
IL1 1.010 (0.998-1.003) 0.739 1.195 1.086-1.999) 0.001*
IL6 1.017 (1.012-1.021) 0.001 1.140 (1.007-1.210) 0.001*

1.228 (0.782-1.927)
62.411 (7.891-488.022)
6.001 (3.906-9.228)
TNFa 1.601 (1.296-1.975)
WBCs 3.085 (2.141-4.446)

Metformin therapy
Nitrotyrosine
Prediabetes

0373  0.619 (0.377-0.905)  0.05*
0.001  3.380 (2.837-4.761)  0.05*
0.001  3.517 (1.858-6.658)  0.001*
0.001  1.106 (0.841-1.456)  0.471
0.001  3.983 (2.322-6.833)  0.001*

Data are HR (95% Cl).

insulin resistance is associated with en-
dothelial dysfunction and confers in-
dependent prognostic information in
patients without diabetes with chest
pain without myocardial perfusion de-
fects. However, this study did not provide
any evidence about coronary endothelial
dysfunction, such as that found in pa-
tients with prediabetes, or assess the
specific pathway transducing prediabe-
tes coronary environmental stimuli in
stable CAD-NOCS poor outcomes. Our
data suggest that in pre-DM, the hyper-
glycemia and the insulin resistance might
lead to endothelial dysfunction in the
absence of severe coronary stenosis
by alterations in vasomotor tone and
by the overproduction of inflammatory
molecules and reactive oxygen species,
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as previously evidenced (14). Conse-
quently, all these inflammatory mol-
ecules may lead to a subclinical
endothelial function in the context of
NOCS in patients with prediabetes. All
this might increase the risk for the ini-
tiation and progression of coronary ath-
erosclerosis in patients with prediabetes
in the absence of severe coronary ste-
nosis. In this setting, the second major
finding of the study was that the pre-DM,
versus NG, subjects evidenced a higher
rate of MACE at the 6th, 12th, and 24th
months of follow up. Different studies
may explain the complex association
existing between coronary endothelial
dysfunction and MACE. First, we have to
image the coronary endothelium as a
physical barrier between the flowing

Pvalue <0.05, *, **

4 5 6 7 8

Glucose blood levels mmol/L

Figure 4—Dispersion graphic curve for endothelial blood flow in mL/s (y-axis), and glucose blood
values in mmol/L (x-axis) at enrollment in pre-DM (red), pre-DM metformin (orange), and NG

(green) patients.

Sardu and Associates

blood stream and the thrombogenic
subendothelial matrix and as a dynamic
tissue with vasodilatative and antiadhe-
sion properties induced by nitric oxide
and interleukins and expressing antico-
agulant properties (15,20). However, this
strengthens the hypothesis that coro-
nary endothelial dysfunction from one
side is associated with many cardiovas-
cular risk factors and from the other side
is also itself a key factor for both the
initiation and progression of atheroscle-
rosis (16,17). Conversely, it is well known
that endothelial dysfunction might cause
anincreased rate of cardiac eventsalsoin
the absence of obstructive CAD (18). In
fact, in NOCS patients the endothelial
dysfunction leads to cardiac events by
myocardial ischemia and acceleration of
coronary atherosclerosis, such as as-
sessed by the reduced CBF response
to the infusion of acetylcholine (18). In
our study, we have investigated in
pre-DM versus NG the inflammatory/
oxidative axis as the main factor leading
to endothelial dysfunction and MACE in
stable CAD-NOCS patients. The higher
rate of endothelial dysfunction in pre-
DM, as unmasked by acetylcoline infu-
sion during coronarography, may lead in
stable CAD-NOCS to the acceleration of
coronary atherosclerosis (16-18), which
might be linked to a higher rate of MACE
at 24 months of follow-up. In line with
this observation, baseline IL6 values were
predictive of MACE at 24 months of
follow-up. Previously, authors showed
that, in pre-DM, the baseline overexpres-
sion of IL6 and the endothelial molecular
and cellular dysfunction caused an ab-
normal prothrombotic state and an ad-
vanced atherogenesis of the coronary
vessels (14). In line with these study
results, here we report the overexpres-
sion of WBCs and granulocytes cells in
pre-DM versus NG. These cellular lines
are active in the production and in the
secretion of inflammatory and pro-
oxidative molecules, therefore contributing
to coronary vessel chronic inflammation
(14,21-26). These cells in patients with
prediabetes with stable CAD-NOCS might
secrete inflammatory cytokines such as
TNFa and IL6 (27), which then activate
the NADPH oxidase, which is involved
in nitrotyrosine synthesis (25—27). Nitrotyr-
osine is a marker of oxidative stress, as
well as of endothelial dysfunction, and it
is induced by altered glucose homeosta-
sis (7) and enhanced by hyperactivity of
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Table 4—Most relevant study points and effects on endothelial function

Most relevant study points

Effects on endothelial function

Prediabetes

The patients with prediabetes by altered glucose and HbA,.

blood values show a higher rate of oxidative stress and
inflammation that may lead to the endothelial dysfunction

in NOCS.
Oxidative stress

A higher level of oxidative stress by increased nitrotyrosine

(mg/dL) blood values might negatively condition the
endothelial function in NOCS patients.

Inflammatory status

The inflammatory status by increased number of blood

inflammatory cells (WBCs, granulocytes, and monocytes)
and inflammatory proteins and cytokines (CRP, IL1, IL6,
TNFa) might cause a higher rate of endothelial dysfunction
in NOCS patients.

Metformin therapy

The metformin therapy may reduce inflammation/oxidative

stress in patients with prediabetes, and this could likely
ameliorate endothelial function, which will then reduce

the MACE.

NADPH oxidase (26,27). Nitrotyrosine
along with other proinflammatory mol-
ecules might regulate the atherosclerotic
plaque instability and progression (14).
However, inflammatory/oxidative stress
and inflammatory cell overactivation
cause a negative circle, which favors
all these pathogenic processes, the en-
dothelial dysfunction, and the worse
prognosis in pre-DM versus NG patients.
In this setting, it is relevant to show the
endothelial dysfunction as a dynamic
process in those with prediabetes, re-
versible at every phase by tailored treat-
ments (6). (Table 4 reports on the
correlation with endothelial function
of co-/shared risk factors for cardiovas-
cular disease.) Here, the major finding
of our study is that metformin therapy
may downregulate the inflammation/
oxidative stress, hence reducing MACE
rate at 24 months of follow-up in those
with prediabetes with stable CAD-NOCS.
This may represent a relevant study re-
sult because it should be evaluated in the
context of new scenario and opportunity
of treatments for patients with predia-
betes with stable CAD-NOCS. However,
this is not the first time that metformin
has been proposed as a drug to reduce
the inflammation and cell adhesion mol-
ecules in patients with impaired glucose
homeostasis and stable CAD (28). Con-
versely, metformin effects in stable cor-
onary atherosclerosis are well known
and established (28). On the other
hand, we report for the first time in
the literature metformin’s effects in
pre-DM with stable CAD-NOCS. There-
fore, treatment with metformin 850 mg
twice a day for prediabetes with stable

CAD-NOCS resulted in the reduction of
MACE of ~40%. Thus, metformin ther-
apy in prediabetes ameliorates not only
the glucose blood levels and HbA;,
values but also the expression of all
inflammatory/oxidative molecules and,
consequently, the rate of MACE at
24 months of follow-up. Although ADA
guidelines suggest that patients with pre-
diabetes be treated with metformin to
reduce the risk of developing diabetes
(16), to date metformin use is <1%
among adults with prediabetes and
only slightly more common among those
with additional risk factors for diabe-
tes (29). In this context, our data may
help to reduce the important gap in
the prevention and treatment of coro-
nary disease induced by dysglycemia
and insulin resistance. In the future,
studies will be conducted on a greater
number of patients with prediabetes,
and with a longer follow-up, to best
assess all these molecular and clinical
alterations.
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